Abstract. In this study the photostability/photolability of Dissolved Organic Matter (DOM) was assessed in both lake and groundwater. DOM in groundwater can undergo significant irradiation when drawn to the surface for agricultural purposes. DOM was generally photostable in lake and photolabile in groundwater, with a more elevated rate constant of DOM disappearance in groundwater samples with higher NonPurgeable Organic Carbon (NPOC). DOM in lake water became photolabile upon acidification. The parallel decrease of both Total Organic Carbon (TOC) and NPOC suggests that actual photomineralisation took place in the samples. The * OH radicals play a secondary role into DOM photomineralisation in lake water, despite the fact that their generation rate considerably increases at acidic pH. The role of * OH is also minor in the photomineralisation of DOM contained in nitrate-rich groundwater.
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Introduction
Dissolved Organic Matter (DOM) is a major form in which organic carbon is present in natural waters. It consists of autochthonous (aquatic) organic compounds such as proteins, peptides, polysaccharides, and of more biologically refractory (allochthonous) material (Oliveira et al., 2006) . The latter is mainly made up of humic and fulvic acids, which are major radiation absorbers in the UV-Visible region (Richard et al., 2004) . The transformation of DOM by microorganisms, solar light, or both (Malouki et al., 2003) is an important process in surface waters as it influences DOM bio-availability and the penetration depth of solar radiation inside the water body, most notably as far as the UV component is concerned (Markager and Vincent, 2000) .
The photochemical processing of DOM is known to yield readily bio-available fractions, among which are low-molecular-weight organic acids, partially arising from the oxidation/depolymerisation of much larger molecules, but also more refractory compounds that undergo further biological processing with difficulty (Brinkmann et al., 2003a) . It has also been found that the formation of reactive oxygen species upon irradiation of surface water inhibits the utilisation of DOM by micro-organisms (Kaiser and Sulzberger, 2004) . Moreover, because the DOM fraction that absorbs radiation undergoes the fastest phototransformation, DOM photobleaching is observed under sunlight. Coloured DOM (CDOM) is one of the main water constituents absorbing radiation in the UVB and UVA range, and thus changes in CDOM absorption properties during solar exposure can have important consequences on ecosystems (Brinkmann et al., 2003b) . Indeed, the increased penetration of UVB radiation in surface water bodies could damage aquatic organisms (Gao and Zepp, 1998; Epp et al., 2007) .
Along with photobleaching, irradiation of DOM by sunlight causes a variable degree of photomineralisation. The photochemical oxidation of DOM yields oxygenated organic compounds, which are further transformed into CO 2 (Zuo and HoignØ, 1994) . A parallel transformation route gives CO. A substantial fraction of the photogenerated CO is released into the atmosphere before undergoing further oxidation in solution (Zuo and Jones, 1997) , which means that the final oxidation to CO 2 will take place in the gas phase (Finlayson-Pitts and Pitts, 1986) .
The pathways involved in DOM photoprocessing have been the focus of various studies, but a general interpretation framework is not yet available. However, there is a general consensus that iron plays a major role in the photobleaching of DOM (Brinkmann et al., 2003b) and in the photochemical generation of short-chain fatty acids and of carbon monoxide (Zuo and Jones, 1997; Brinkmann et al., 2003a) . Iron speciation is likely to deeply influence DOM photoprocessing, because a correlation between phototransformation rate and total Fe content has not always been detected (Bertilsson and Tranvik, 2000) . Additionally, Fe-independent pathways of DOM phototransformation are likely operational in surface waters (Brinkmann et al., 2003a) .
Recently, in a work that focused on * OH quantification upon irradiation of natural water samples, we found that DOM quantified as NPOC was photostable in surface lake water and photolabile in groundwater. In the latter case, a 20 -30 % of organic carbon decrease has been observed upon 60 hour irradiation under simulated sunlight (Vione et al., 2006) . The comparison between lake and groundwater was made problematic by the elevated amount of nitrate in the latter, over two orders of magnitude higher than in lake water. Nitrate is a well-known photochemical source of * OH radicals in solution (Brezonik and Fulkerson-Brekken, 1998) , and DOM as the main * OH sink would be transformed at a certain extent. While nitrate at typical lake water levels (often lower than 0.1 mM) has been reported to cause insignificant photochemical processing of DOM (Brinkmann et al., 2003a) , the same might not be true of nitrate-rich groundwater that is characterised by an elevated formation rate of * OH upon irradiation. Indeed, hydroxyl radicals are extensively employed in Advanced Oxidation Processes aimed at the photochemical mineralisation of organic pollutants (Legrini et al., 1993) . Accordingly, two alternative hypotheses could account for the observed photolability of DOM in groundwater: (i) photolability is caused by an elevated * OH photoproduction rate upon nitrate photolysis; (ii) photolability is due to a different nature of DOM in groundwater compared to lake water. Indeed, groundwater could contain a good amount of photolabile DOM that in aquifers would be protected from photodegradation. In the surface lake water layer, photolabile DOM could be effectively photodegraded and therefore be present at very low concentration. For instance, the DOM of the deep ocean has been found to react with * OH much faster than that of the surface (Mopper and Zhou, 1990) , and the same is true of groundwater compared to lakewater DOM (Vione et al., 2006) .
The purpose of the present paper is to gain further insight over the issue of DOM photostability and photolability in lake and groundwater. To account for the different nitrate levels, lake water was irradiated as it was and after spiking with nitrate to reproduce the levels that can be found in nitrate-rich groundwater. In this way, possible differences in behaviour could no longer be attributed to nitrate, and its role toward DOM photomineralisation could be conclusively assessed. Nitrate-rich groundwater was sampled in the rural village of Letcani, NE Romania. Here the aquifers are a major source of irrigation water, for which purpose groundwater is pumped to the surface and in many cases stored in open-top basins where it can be illuminated by sunlight. Moreover, the village is partially placed on a small hill dominating the surrounding plain. A few springs in the lower part of the hill are fed by groundwater that can therefore reach the surface. This study assessed the possible consequences of exposure of groundwater DOM to sunlight. Aquat. Sci. Vol. 71, 2009 Research Article
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Experimental
Reagents and materials Supplier and purity grade of the adopted reagents are reported in Vione et al. (2006) and Minero et al. (2007a) .
Sampling sites
Lake water samples were taken in Piedmont (NW Italy), with the single exception of Lake Moncenisio in France, a few kilometres from the Italian border. Latitude was between 458 and 45820 N, longitude in the 7 -88 E range. Other details are reported in Table  1 . Groundwater was sampled in the rural village of Letcani, near the town of Iasi (NE Romania), on 11 March 2006. Coordinates of the groundwater sampling sites were included between N47810-47815 and E 27822-27830. Four sampling sites for groundwater were chosen out of a total of 15, which have been identified in the village and subjected to monitoring for nitrate concentration. The criterion of choice was that of having a wide range of nitrate levels. The sampling sites chosen for the present study were within 1 km distance. The depth of the corresponding wells was around 10 m.
Sampling procedures and sample treatment Lake water was sampled from the surface layer and kept refrigerated during transport to the laboratory. It was then vacuum filtered on 0.22 mm cellulose acetate membranes (Millipore) to achieve biological stabilisation, and kept refrigerated till subsequent use. Samples were taken in the morning and filtration completed within the same day. Whenever possible, sampling was carried out on Monday morning and irradiation experiments completed within the same week, with the exception of some remote highmountain lakes that were reached in a single sampling campaign. In such cases, the irradiation experiments were carried out within three weeks from sampling. Some water samples were acidified with HClO 4 before or after filtration. In the former case, to achieve dissolution of colloidal Fe(III) species that would otherwise be removed by filtration, the addition of HClO 4 took place on arrival of the sample to the laboratory; it was followed by overnight stirring and vacuum filtration.
In the case of groundwater, filtration was carried out at the University of Iasi. Filtered samples were then flown to Italy under refrigeration and stored refrigerated until irradiation. The latter was carried out within one to four weeks.
Analytical procedures
The absorption spectra of the studied water samples in the 200 -800 nm range were measured with a "Varian Cary 100 Scan" UV-Visible spectrophotometer. pH was measured with a Metrohm combined glass electrode connected to a Metrohm 713 pH meter. Nitrate was determined by ion chromatography, NPOC with a TOC analyser, and Fe by Inductively Coupled Plasma -Atomic Emission Spectrometry (see Vione et al., 2006 for further details). Nitrite was determined by High-Performance Liquid Chromatography coupled with UV-Visible detection after a pre-column derivatisation procedure with 2,4-dinitrophenylhydrazine in acidic solution by HCl (Kieber and Seaton, 1996; Minero et al., 2007a) . The relevant analytical data of the studied samples are reported in Table 1 . Well A 11Mar06 n/a n/a n/a 8.3 20,300 13.31AE0.15 n/a Well B 11Mar06 n/a n/a n/a 8.3 4,640 4.59AE0.09 n/a Well C 11Mar06 n/a n/a n/a 8.2 7,130 3.29AE0.13 n/a Well D 11Mar06 n/a n/a n/a 8. The main issue with the NPOC measurement is that it would also eliminate the organic compounds that are volatile under acidic conditions. An alternative though time-consuming procedure was applied to remove most of the inorganic carbon (IC) in a milder fashion, to maintain a higher fraction of volatile organic compounds inside the sample. In such a case, lake water samples were acidified to pH 2 with HClO 4 , and left for three days in closed containers under magnetic stirring in the dark. The Total Organic Carbon was then measured as TOC = TC -IC.
Irradiation experiments
Irradiation was carried out in magnetically stirred, cylindrical Pyrex glass cells (4.0 cm diameter, 2.3 cm height) under a solar simulator (Solarbox, CO.FO.-ME.GRA., Milan, Italy) equipped with a 1500 W Philips xenon lamp and a 315 nm cut-off filter. Irradiation intensity was 12 AE 1 W/m 2 in the wavelength range 290 -400 nm, measured with a CO.FO.-ME.GRA. power meter. A summer sunny day such as 15 July at 458N latitude would correspond to 17.5 h steady irradiation under the lamp. Typical irradiation experiments lasted 90 -95 hours. The temperature of the irradiated samples was around 30 -35 8C. Dark experiments were also carried out in closed vials, wrapped with aluminium foil and placed under the same lamp.
To obtain the kinetics of DOM photoprocessing, the time trend of NPOC was fitted with equations of the form NPOC t = NPOC 0 exp(À k NPOC t), where NPOC t (in mg C / L) is the measured value of NPOC after the irradiation time t (in h), NPOC 0 is the initial value (in mg C / L), and k NPOC (in h À1 ) is the pseudofirst order rate constant. In some cases it was useful to assess the rate of NPOC decrease in [mol C L À1 s À1 ]. This was obtained as r NPOC = 2.3110 À8 k NPOC NPOC 0 . The measurement of the initial formation rate of * OH was carried out in some samples using the transformation reaction of benzene into phenol, which has 95 % yield (Takeda et al., 2004) . For further details see Vione et al. (2006) .
Results and discussion
Time trend of NPOC upon irradiation of lake water. DOM in lake water was generally stable under the adopted irradiation conditions and irradiation time. Little difference in the trend of NPOC could be observed between the irradiated natural (filtered only) samples and the dark controls. For instance, the time trends of NPOC in the samples taken from the lakes Viverone (winter, ice-free) and Avigliana Grande (winter, ice cover) are reported in figure 1. All the other irradiated natural lake water samples behaved in a similar way, with insignificant decrease of NPOC with time. This finding does not necessarily mean the absence of DOM photochemical transformation: irradiation of natural water is very well known to cause the photobleaching of DOM (Del Vecchio and Blough, 2002; Goldstone et al., 2004) , suggesting that irradiation could cause DOM transformation even without mineralisation.
The NPOC showed a certain decrease under irradiation in some of the samples spiked with 0.01 M nitrate (see Fig. 1B as an example). Overall, a slight nitrate effect could be seen upon irradiation of samples from the lakes Candia (both winter and spring samplings, with extensive ice cover in the Aquat. Sci. Vol. 71, 2009 Research Article 37 former case), Avigliana Grande (ice-covered, winter sampling, Fig. 1B) , and Ciardonnet (covered with ice for most of the year 2006). By contrast, negligible nitrate effect was observed for the lake Avigliana Piccolo (covered with ice) and for the ice-free lakes Viverone (Fig. 1A) , Avigliana Grande (spring sampling), Moncenisio and Laus.
The irradiation results suggest that 0.01 M nitrate is somewhat more likely to induce a limited NPOC decrease in samples from ice-covered lakes. A possible effect of the ice cover could be that of shielding sunlight, protecting photolabile organic compounds from degradation. However, the spike with 0.01 M NO 3 À would represent an increase of over two orders of magnitude, compared to the natural nitrate levels of the studied samples (see Table 1 ). Typical [NO 3 À ] in the eutrophic Lake Greinfensee (Switzerland) in the 80 s was around 10 À4 M (Zepp et al., 1987) , which is also the upper level recently found in Piedmont lakes (Vione et al., 2006) . Higher nitrate levels, up to 10 À3 M, can be detected in river water draining urban or agricultural areas (Brezonik and Fulkerson-Brekken, 1998; Chiron et al., 2007) . Considering the small or no effect of 0.01 M nitrate on the NPOC decrease, it can be inferred that NO 3 À would play a minor role in DOM photoprocessing in most surface waters. Figure 1 shows a marked decrease of NPOC upon irradiation of the acidified lake water samples, and the decrease is significant compared to the dark controls. This behaviour was common in the lake water samples under study. Figure 2 reports the absorption spectra of natural and acidified lake water before irradiation in the environmental UV range, where DOM is the major radiation absorber (Brinkmann et al., 2003b) . Limited or no difference in the spectra between natural and acidified samples could be detected in the cases of Lake Viverone and Lake Candia. In contrast, the sample from Lake Avigliana Grande showed a significantly different spectrum when acidified. In the case of Lake Avigliana Piccolo (data not shown) there was a significant NPOC decrease upon irradiation of the acidified sample, and no spectral changes upon acidification. Overall, variation of the absorption spectrum upon acidification seems not to be connected to the decrease of NPOC under irradiation. Figure 2 also reports the comparison between the emission spectrum of the adopted solar simulator and that of sunlight under noon summertime conditions (15 June) at 508N latitude (Frank and Klçpffer, 1988) . First of all, note that the numerical integration of the reported sunlight spectrum between 290 and 400 nm yielded a UV irradiance of 29 W/m 2 , about 2.5 times higher than for the used solar simulator. The sunlight spectrum intensity was divided by 2.5 to allow the comparison; it is evident that the two spectra are quite well matched and that the relative distribution of UVB radiation is similar in the two cases. This is important because the UVB radiation plays a key role into the photochemistry of both nitrate and DOM, in particular as far as the generation of * OH is concerned (Mopper and Zhou, 1990) .
The photolability of DOM in acidified lake water has already been reported (Anesio and Graneli, 2003) . Comparison between irradiation experiments and dark controls suggests that the decrease of NPOC is not due to the precipitation of DOM on the photoreactor walls in acidic solution. Alternative explanations are actual DOM photomineralisation into CO 2 (and/or CO), and the generation of volatile compounds (e.g. short-chain carboxylic acids) (Brinkmann et al., 2003a ) that could be stripped off the acidic solution during the measurement of NPOC.
To get further information about DOM in the studied samples, an alternative procedure was fol- lowed in addition to the standard NPOC measurements, consisting of sample acidification plus threeday stirring in the dark to drive out most of the CO 2 formed, and final TOC (TC-IC) analysis. Figure 3 shows the correlation between TOC 0 and NPOC 0 ; on average, TOC 0 = 1.33AE0.07 NPOC 0 (mAEs). This is a further confirmation that the loss of DOM by precipitation in acidic solution was not an important process. Moreover, the TOC 0 /NPOC 0 ratio indicates that at least 25 % of the DOM in the studied samples was made up of compounds that can be stripped off the acidic solution by the air flow adopted in the NPOC measures. The determination of TOC was also carried out as a function of the irradiation time of the acidified samples from Lake Avigliana Grande and Lake Candia, and a parallel decrease of TOC and NPOC could be observed in both cases. The adopted method for the measurement of TOC would limit the loss of volatile organic compounds. Accordingly, the decrease of TOC upon irradiation of the acidified samples could be attributed at least in part to actual mineralisation, and not only to the loss of volatile compounds (e.g. short-chain carboxylic acids) under acidic conditions. Figure 4 shows the time trend of NPOC upon irradiation of samples from Lake Candia and Lake Moncenisio. The samples have been acidified, either before filtration (abf) or after filtration (aaf). The slight decrease of NPOC in the dark control experiments might be attributed to the effect of the irradiation temperature (30 -35 8C) under acidic conditions, possibly inducing volatilisation of weakly acidic compounds. Such an effect being limited, it would not bias the conclusions reported above about the parallel decrease of TOC and NPOC under irradiation.
It is apparent from Figure 4 that the decrease of NPOC is mainly due to irradiation (by comparison with the dark controls) and is more marked in the abf compared to the aaf samples. An interesting difference is that the total Fe concentration was generally higher in the abf samples, which is reasonable because filtration in the aaf case would remove part of the colloidal Fe(III). Acidification before filtration would allow dissolution of Fe(III) colloids and prevent their loss by filtration. The total Fe level passed from 6.810 À7 (aaf) to 1.510 À6 M (abf) for Lake Candia, and from <1.810 À7 to 3.210 À6 M for Lake Moncenisio. Also note that the photoinduced decrease of Aquat. Sci. Vol. 71, 2009 Research Article NPOC was limited in the aaf sample from Lake Moncenisio, where Fe was below detection limit. Iron could play a significant role in DOM photoprocessing, as reported in previous studies (Zuo and Jones, 1997; Brinkmann et al., 2003a/b) , in particular under acidic conditions (Anesio and Graneli, 2004) . Additionally note that NPOC 0 was very similar in the abf and aaf samples, but considerable differences were observed in the absorption spectra of the abf and aaf solutions from both Lake Candia and Lake Moncenisio. For instance, the difference in the absorbance at 300 nm between abf and aaf was around 20 % for Candia and 60 % for Moncenisio. DOM is known to take part to the redox cycling of Fe in sunlit surface waters (Emmenegger et al., 1998; Meunier et al., 2005) . Such a process could potentially induce the phototransformation of DOM, although not all of the relevant organic ligands are involved in charge-transfer photochemical reactions (Borer et al., 2005) . Interestingly, DOM-induced dissolution of gFeOOH has been found to occur at a higher rate under acidic conditions, most likely because of the higher concentration of Fe(III)-fulvate complexes under those circumstances (Voelker et al., 1997) . Because Fe(III)-fulvate complexes are likely to undergo ligand-to-metal charge transfer reactions under irradiation (Gao and Zepp, 1998) , enhanced Fe photoredox cycling at acidic pH could lead to a corresponding higher extent of phototransformation of some organic compounds.
Formation rate of * OH upon irradiation of lake water. The initial formation rate of * OH was measured upon irradiation of water taken from Lake Avigliana Grande and Lake Candia (January and February samplings, respectively). The samples that underwent irradiation were either natural (just filtered) or acidified after filtration (pH 2 by HClO 4 ). The radical * OH was quantified with the reaction that transforms benzene (3 mM) into phenol. In both cases a substantial increase of * OH generation rate was observed upon sample acidification. Figure 5A shows the time evolution of phenol upon irradiation of the samples from Lake Avigliana Grande (natural and acidified). The initial formation rates of * OH in the four irradiated samples (r *OH ) are reported in Table 2 . Possible sources of * OH upon irradiation are nitrate, nitrite, nitrous acid, DOM, and Fe. The following reactions are involved (HoignØ, 1990; Benkelberg and Warneck, 1995; Vaughan and Blough, 1998; Mack and Bolton, 1999) .
The contribution of NO 3 À , NO 2 À , HNO 2 , and FeOH 2+ to * OH photoproduction under the adopted irradiation device was quantified with dedicated experiments. The initial formation rate of phenol was measured upon irradiation of mixtures of benzene in excess (initial concentration around 3 mM), in the presence of variable concentrations of nitrate, nitrite, (King et al., 1993; Mack and Bolton, 1999) , and the same pH conditions have been adopted as for the acidification of the natural water samples. Concerning the natural pH (around 7) adopted for nitrate and nitrite, the rate of * OH photoproduction is expected not to vary for nitrite and to show limited variation for nitrate in the narrow pH interval of 7 to 8.3 (Mack and Bolton, 1999) , which is relevant to the comparison between the separate components and the lake water samples under consideration. Furthermore, because the phenol yield of the reaction between benzene and * OH is 95 %, it is r *OH = 1.05 r Phenol . The results of the relevant irradiation experiments are reported in figure 5B . By linear regression of the experimental data, one obtains the following equations for the formation rates of * OH by the studied compounds under the adopted irradiation conditions (concentration values are in molarity, the error bounds represent AE 1 standard deviation):
The photogeneration rate of * OH from nitrate under the adopted irradiation device is comparable to the data of Zepp et al. (1987) , that of nitrite to the results of Mopper and Zhou (1990) . However, compared to Mopper and Zhou (1990) , we have found a lower efficiency of nitrate toward * OH photoproduction. The difference might be accounted for by a higher UVB radiation intensity in the experiments carried out by Mopper and Zhou under sub-tropical sunlight (268N), compared to our irradiation device that simulates mid-latitude solar irradiation (see Fig. 2 ). Indeed the absorption of sunlight by nitrate is most efficient under UVB. Moreover, our data concerning nitrate are comparable with those of Zepp et al. (1987) that are also referred to mid-latitude conditions (478N).
From equations (7 -10) and the concentration values of the relevant species (see Table 2 ), it is possible to calculate the contribution of each compound to * OH photoproduction in lake water. An important issue is that equation (10) (Martell et al., 1997) one gets a FeOH2 % 0.1 at pH 2 and, as a consequence:
In the natural lake water samples under study the pH values were 8.3 (Avigliana Grande) and 8.0 (Candia), which would correspond to a FeOH2+ = 1.310 À5 and 2.910 À5 , respectively (Martell et al., 1997) . In the calculation of the Fe(III) contribution to * OH photogeneration, it was additionally hypothesised that, in all the samples, [Fe TOT ] % [Fe(III)]. Table 2 shows that NO 2 À and HNO 2 are important sources of * OH in the natural and acidified samples from Lake Avigliana Grande. For Lake Candia there is some contribution to * OH generation from nitrite in the natural sample and from FeOH 2+ in the acidified one. Nitrate photolysis always plays a minor role, and also the role of Fe(III) in the natural samples is very low. The percentage of * OH photogeneration unaccounted for by nitrate, nitrite and Fe(III) might derive from the oxidation of water by photoexcited DOM (reactions 4,5) and from the photo-Fenton process (White et al., 2003) , which could be important under acidic conditions (Southworth and Voelker, 2003; Vione et al., 2003) .
From the time trend of NPOC upon irradiation of the acidified samples of Lake Avigliana Grande and Lake Candia, it could be obtained the initial transformation rate of NPOC (
]. The r NPOC values of the acidified samples are reported in the last row of Table 2 . Comparison between r *OH and r NPOC shows that r *OH < r NPOC in both cases, indicating that organic matter disappears faster than * OH is formed. Furthermore, note that the reaction of more than one * OH with DOM would be required to mineralise organic carbon, or at least to make it sufficiently volatile to be lost in NPOC measurements. In the latter case, the production of CO or of short-chain carboxylic acids would be required (Zuo and Jones, 1997; Brinkmann et al., 2003a) . Under the hypothesis of an average oxidation Aquat. Sci. Vol. 71, 2009 Research Article 41 number of -2 for C in DOM, the number n of * OH radicals to be added to DOM to produce the target compounds would be CO 2 (%6) > CO (%4) > carboxylic acids. Accordingly, it should be r *OH = n r NPOC for * OH to play a substantial role in DOM photomineralisation or volatilisation. The experimentally measured rates suggest that, in spite of the elevated hydroxyl photogeneration rate in acidic solution, the reaction between DOM and * OH cannot account for the NPOC decrease. The role of * OH in DOM photoprocessing, although not negligible, would be a secondary one. This finding is consistent with the limited effect of the nitrate spike on the phototransformation of lake-water DOM, and with the results of previous work that studied the role of * OH into the phototransformation of DOM (Goldstone et al., 2002) . In the cited work it has been found that the hydroxyl radicals can induce both bleaching and mineralisation of DOM, but they are expected to play a very secondary role into DOM photoprocessing in surface waters. The present paper shows that a similar conclusion holds under acidic conditions. Figure 6A shows the time trend of NPOC upon irradiation of the four groundwater samples, just following filtration or upon addition of nitrate to obtain an initial concentration of 0.01 M, which includes both original and added nitrate. The natural nitrate concentration in the different samples is reported in Table 3 . Nitrate spiking was not carried out for sample A because in that case the original concentration of nitrate was already 0.02 M. Sample A was instead acidified with HClO 4 till pH 2, in a similar way as lake water.
Time trend of NPOC upon irradiation of groundwater
Considerable NPOC decrease upon irradiation could be observed for the samples A and B (compared with the dark controls). For sample C and even more for D the decrease was lower. It is noteworthy that practically no difference in the NPOC trend could be observed between the natural and the nitrate-spiked samples, and between the natural and the acidified one. The lack of an effect of acidification might be connected with the low levels of Fe, which was under detection limit in the studied groundwater samples. The similarity of the trends of natural and nitratespiked samples suggests that the * OH radicals produced upon nitrate photolysis would play a secondary role in DOM decrease. This is confirmed by the fact that, for sample A, r *OH = 7.5 10 À10 M s À1 (natural sample) was significantly lower than r NPOC = 2.6 10 À9 M s
À1
. Similarly, for sample B, the respective values were r *OH = 1.7 10 À10 and r NPOC = 5.2 10 À10 M s
. Figure 6B shows that the samples with higher NPOC 0 have also higher k NPOC , which suggests a connection between the kinetics of NPOC decrease and the initial amount of DOM. The quantity and possibly also the nature of DOM could play an important role in its photolabilisation in the studied samples. DOM in water samples can be characterised by use of the spectrophotometric indexes, such as the specific absorbance at 254 nm (A 254 /NPOC 0 ), that at 285 nm (A 285 /NPOC 0 ), and the E 2 /E 3 index (A 250 /A 365 ) (Oliveira et al., 2006) . A l is the absorbance of a water sample at the wavelength l, with an optical path length of 1 cm. The indexes A 254 /NPOC 0 and A 285 /NPOC 0 allow to differentiate between purely aquatic organic matter, consisting of peptides, proteins, polysaccharides and complex carbohydrates, and the terrestrially derived one that is mainly composed of humic and fulvic substances. The differentiation is based on the fact that aquatic organic matter is mainly made up of aliphatic chains that poorly absorb UV radiation, and thus contribute to NPOC 0 but not or very little to A l . In contrast, humic and fulvic substances contain many UV-absorbing aromatic groups (Zumstein and Buffle, 1989) . Reference values for A 254 /NPOC 0 are 12 L (gC) À1 cm À1 for purely aquatic DOM, and 44 L (gC) À1 cm À1 for fulvic acids (Westerhoff and Anning, 2000) . The values of the studied groundwater samples were in the range 25 -30 L (gC) À1 cm À1 (Table 3) , to be compared with an average of 14.4 L (gC) À1 cm À1 for lake water in the Piedmont region (Minero et al., 2007b for fulvic acids (Rostan and Cellot, 1995) . Groundwater samples had A 285 /NPOC 0 % 20 L (gC) À1 cm À1 (Table 3) , to be compared with an average value of 9 L (gC) À1 cm À1 for lake water (Minero et al., 2007b) . Data from A 254 /NPOC 0 and A 285 /NPOC 0 suggest that DOM in the studied groundwater samples could be richer of fulvic acids compared to lake water. This finding is reasonable because the fulvic acids in lake water are of terrestrial origin, mainly derived from soil runoff in the nearby basin (Oliveira et al., 2006) .
The E 2 /E 3 index is inversely related to the molecular weight and aromaticity degree of the organic matter that absorbs UV radiation (Peuravuori and Pihlaja, 1997; Artinger et al., 2000; Oliveira et al., 2006) , which influences the slope by which the absorption spectra decrease in the UV region. However, such an index would be applied with difficulty to the present case because the groundwater spectra are not monotonically decreasing exponential functions (see Fig. 6C ).
Overall, it could be observed that groundwater DOM would be different from that in lake water because of a higher specific absorbance. The fact that groundwater DOM absorbs a higher fraction of sunlight per unit NPOC could have some connection with its photolability. The data of figure 6B also suggest that the excess DOM in the groundwater samples with higher NPOC 0 is consisting of a considerable amount of photolabile material. Aquat. Sci. Vol. 71, 2009 Research Article
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Conclusions
In this study the photostability/photolability of DOM was assessed in both lake and groundwater. The latter could undergo significant photoprocessing when drawn to the surface and stored in basins for agricultural purposes (mainly irrigation).
DOM in natural lake water was generally photostable. Spiking with elevated amounts of nitrate, typical of nitrate-rich groundwater, induced only a slight decrease of DOM in some samples. In contrast, significant decrease of organic carbon was observed upon irradiation of acidified lake water, without addition of NO 3 À . The comparison with the dark controls and the parallel time trend of both TOC and NPOC indicates that some photomineralisation was actually occurring in the samples. Fe could play some role in the decrease of NPOC in the acidified lake water samples.
The hydroxyl radical had a secondary role in the decrease of NPOC, although the photogeneration rate of * OH was considerably higher in acidified compared to natural lake water samples. The photolysis of HNO 2 and/or Fe species could contribute to the observed increase of * OH photoproduction under acidic conditions. Interestingly, elevated * OH photogeneration has been observed previously in acidic mine drainage water (Allen et al., 1996) .
Differently from lake water, DOM in natural groundwater was significantly photolabile. Nitrate spiking or acidification of groundwater had negligible effect on the kinetics of NPOC decrease. The spectrophotometric indexes A 254 /NPOC 0 and A 285 /NPOC 0 suggested that DOM in groundwater could be significantly different than that of lake water, probably due to the presence of a higher fraction of humic and fulvic compounds in the former. The photolability of DOM in groundwater was more marked in the samples with more elevated NPOC 0 , therefore suggesting that a good fraction of DOM in the most DOM-rich samples was made up of photolabile compounds.
A possible reason for the difference in the nature and the photostability of DOM between lake and groundwater is that, in the former case, sunlight exposure would cause degradation of photolabile organic compounds and thus keep their concentration very low. In contrast, groundwater could contain a significant amount of photolabile DOM that would be protected from photodegradation in the aquifer. Under the additional hypothesis that the most photolabile fraction of DOM is the one that absorbs sunlight, one would expect lake water DOM to show a lower specific absorbance compared to groundwater because of the selective degradation of sunlight-absorbing molecules. The removal of compounds that absorb radiation in the UVA or UVB region would likely decrease the sample absorbance in the UVC as well. Coherently, the spectral indexes A l /NPOC 0 were about twice higher in the studied groundwater samples compared to lake water.
